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Assumptions of Hardy-Weinberg model
1. Random mating.

2. No mutation.

3. Large (infinite) population size.

4. No differential survival or reproduction 
(i.e., no natural selection).

5. No immigration

The total amount of genetic variation within a 
species (HT) can be partitioned into genetic 
differences among individuals within populations 
(HS) and genetic differences among different 
populations.  The proportion of total genetic 
variation within a species that is due to differences 
among populations is represented by FST :
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In general, there are two primary 
effects of gene flow:

(1) Gene flow reduces genetic 
differences between populations.

(2) Gene flow increases genetic 
variation within populations.

What happens if 
we combine gene 
flow and genetic 
drift?

Island Model of Migration

(1) Divergence is dependent only on 
mN, not on the proportional 
contribution of migrants (m). 

(2) Even very little gene flow 
(mN~1) can have a major effect on 
population structure.

* *
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(1) Divergence is dependent 
only on mN, not on the 
proportional contribution 
of migrants (m). mN is the 
number of migrant 
individuals per individual 
per generation.
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(2) Even very little gene 
flow (mN~1) can have a 
major effect on population 
structure.
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We can use this relationship to estimate gene 
flow among natural populations.

Long-toed salamander

Tallmon et al.  Genetic differentiation among long-toed salamander 
(Ambystoma macrodactylum) populations. Copeia 27-35.

Overall

Mitochondrial DNA
The Ne of mtDNA is only one-quarter that of 
nuclear genes.  Therefore,
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mtDNA versus nucDNA

mtDNA 
suggested 
subspecies

FST ~ 1.0

mN = 0

What happens if we combine natural 
selection along with genetic drift and 
gene flow?

Local adaptation

A1A1 A1A2 A2A2
Demes   1-10       1       1-t/2      1-t
Demes 11-20      1-t 1-t/2        1

Local adaptation
Natural selection + drift + gene flow

1. Divergence no longer a function of 
only mN.

2. Large differences among loci can be 
produced by even fairly weak natural 
selection.

3. The larger the local Ne, the more 
effective natural selection is.
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Population “Genomics”
Estimate divergence (FST) at many 
loci.  Outlier loci are “candidates” 
for natural selection.

Beyond FST:
Other measures of population divergence
FST is not a good measure if within population 
variation (HS) is high, as with microsatellites. 

Allele 
genealogy

(coalescence)

RST is an analogue of FST that takes the relative 
size of alleles (i.e., allelic state) into consideration. 

Microsatellite 
mutation 
network

mtDNA

Hybrid zone

Common shrew in 
western France

HS = 0.71

FST = 0.19; RST = 0.98 

Y-linked microsatellite locus




